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(54) Method and apparatus for forming tire reinforcing layer 



(57) Method and apparatus for highly efficiently 
forming a tire reinforcing layer, such as a carcass ply or 
belt ply, either directly or indirectly on a rubber member 
which is supported on a rigid core (2) having a toroidal 
shape. According to the invention, a continuous strip (3) 
of reinforcing material comprised of a pluralrty of single 
cords or twisted cords is cut into reinforcing elements 
(37) having a predetermined length. The reinforcing ele- 

FIG. 



ments (37) are successively fed to the rubber member 
from one side cX the core (2), synchronously with an 
indexing movement of the core about its center axis. 
The reinforcing elements (37) are then urged against 
the outer surface of the rubber member on the core (2) 
along their longitudinal direction and thereby progres- 
sively pressure-joined to the rubber member. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to a method for 
forming a tire reinforcing layer, such as a carcass ply or 
a belt ply, either directly or indirectly on the outer circum- 
ferential surface of rubber member that is supported on 
a rigid core having a toroidal shaped and also to an 
apparatus which can be suitably used for carrying out 
the method. 

2. Description of the Related Art * ' 

[0002] Conventional system for forming a tire rein- 
forcing layer on a rigid core is disclosed, for example, in 
U.S. Patent No. 5,281,289. In such a system, an instal- 
lation head supports a reinforcing material in the form of 
a single cord, and is moved toward one side of a crown 
portion of the core which is under a slow rotation. With 
the leading end of the reinforcing material gripped and 
held by a clip, the installation head is moved in a diago- 
nal direction from one side to this other of the core along 
the surface of the crown portion. Thus, the reinforcing 
material fed through the installation head is applied to 
the surface of the crown portion of the rubber member, 
with a predetenmined inclination angle relative to the 
equatorial line of the core. Subsequently, the reinforcing 
material is cut by a cutter, at a position which is spaced 
a predetenmined distance from the leading end. These 
process steps are repeated so that the reinforcing mate- 
rials are joined to the outer circumferential surface of 
the rubber member one after another and in parallel 
with each other, thereby fomiing a tire belt layer on the 
core. 

[0003] Since the reinforcing material to be applied 
to the outer circumferential surface of the rubber mem- 
ber is comprised of a single cord as explained above, it 
is necessary to perform the joining operation of the rein- 
forcing material for a number of times in order to form a 
complete reinforcing belt layer. Therefore, with the 
known system, it has been difficult to realize improved 
work efficiency and productivity. 

[0004] Furthermore, the application of the reinforc- 
ing material is performed by moving the installation 
head in the longitudinal direction of the reinforcing 
material. Thus, there is another problem that, when the 
inclination angle of the reinforcing material relative to 
the equatorial line of the core is small and the reinforc- 
ing material has a large length, it is necessary to move 
the installation head over a relatively long distance, i.e., 
a distance equal to the length of the reinforcing material. 
This makes it further difficult to achieve an efficient for- 
mation of a reinforcing layer with an improved productiv- 
ity. 



DISCLOSURE OF THE INVENTION 

[0005] In view of the above-mentioned problems of 
the conventional system, it is a primary object of the 
5 present invention to provide improved method and 
apparatus for fomiing a tire reinforcing layer either 
directly or indirectly on the outer circumferential surface 
of a rigid core with higher efficiency and Improved pro- 
ductivity. 

10 [0006] According to one aspect of the present 
invention, there is provided a method for fonning a tire 
reinforcing layer, wherein a continuous strip of a rein- 
forcing material comprised of a plurality of single cords 
or twisted cords is cut into reinforcing elements having a 
15 predetenmined length, and the reinforcing elements are 
each joined onto an entire outer circumferential surface 
of a rubber member on a rigid core having a toroidal 
shape, which is being subjected to an indexing move- 
ment about its center axis. The reinforcing elements are 
20 successively fed onto the outer circumferential surface 
of the rubber member from its one side, synchronously 
with the indexing motion of the core, and are then urged 
against the outer circumferential surface of the rubber 
member along their longitudinal direction and thereby 
25 successively pressure-joined to the rubber member. 
[0007] With the above-mentioned method accord- 
ing to the present invention, it is possible to form a tire 
reinforcing layer, such as a belt layer, on the outer cir- 
cumferential surface at the crown portion of a carcass, 
30 with higher efficiency and improved productivity as com- 
pared to the conventional system. This is because a 
plurality of cords are simultaneously pressure-joined to 
the outer circumferential surface of the rubber member 
on the rigid core. Furthennore. the reinforcing elements 
35 are urged against, and thereby tightly pressure-joined to 
the outer circumferential surface of the rubber member 
over the entire length thereof, e.g., by the urging opera- 
tion of a pressure roll. It is thus possible to achieve a sig- 
nificantly improved joining of the reinforcing element to 
40 the rubber member while simultaneously avoiding 
entrapment of air therebetween. The entrapment of air 
can be more effectively prevented by pressure-joining 
the reinforcing element to the outer circumferential sur- 
face of the rubber member progressively from the lead- 
45 ing end to the trailing end thereof. 

[0008] Furthermore, according to the present inven- 
tion, the joining of the respective reinforcing elements to 
the outer circumferential surface of the rubber member 
is performed based on a rotational movement of the 
50 core itself Thus, by suitably selecting the rotational 
speed of the core, the joining of the reinforcing element 
can be performed within a minimized time even when 
the angle defined between the equatorial line of the core 
and the reinforcing element is small and the reinforcing 
55 element is relatively long. Therefore, the work efficiency 
of joining the reinfordng element can be advanta- 
geously improved, in contrast to the conventional sys- 
tem in which an installation head forming part of the 
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mechanism is reciprocated. 

[0009] With the method according to the present 
invention, the reinforcing element to be pressure-joined 
may be set at a predetermined inclination angle with ref- 
erence to the equatorial line of the core, as a result of s 
inclination of the center axis of the core by a predeter- 
mined angle within a vertical plane including the axis. It 
is however preferred that the setting of the inclination 
angle of the reinforcing element is perfomned by gradu- 
ally changing the joining position of the reinforcing ele- io 
ment relative to the outer circumferential surface of the 
rubber member in the longitudinal direction of the rein- 
forcing element and in the width direction of the core, by 
displacing the reinforcing element in the axial direction 
of the core while rotating the core. In the latter case, the is 
inclination angle of the reinforcing element relative to 
the equatorial line of the core can be readily set over a 
wide range and in a precise manner, without any partic- 
ular operations, simply by suitably selecting the rota- 
tional speed of the core and the feeding speed of the 20 
reinforcing element. 

[001 0] Furthermore, according to the present inven- 
tion, the side edges of adjacent reinforcing elements 
may be successively joined to each other on the circum- 
ferential surface of the mbber member. In this instance, 2S 
it is preferred that the indexing movement of the core is 
performed by a normal rotation of the core for joining the 
reinforcing element to the rubber member, in combina- 
tion with a reverse rotation of the core for returning the 
core to a starting position for joining a next reinforcing 30 
element. 

[0011] Alternatively, the reinforcing elements may 
arranged on the outer circumferential surface of the njb- 
ber member on the core, while leaving a gap between 
opposite side edges corresponding to at least one sheet 35 
of the reinforcing element between the respective rein- 
forcing elements, so that another reinforcing element 
can be arranged at the region of the rubber member 
corresponding to the gap. In this instance, it is prefen-ed 
that the indexing operation of the core also serves as a 4o 
normal rotation for joining the reinforcing element to the 
rubber member, such that the respective reinforcing ele- 
ments are pressure-joined, at a first turn of the core, to 
the outer circumferential surface of the rubber member 
so as to leave the gap therebetween, and the succes- 45 
sive reinforcing elements are pressure-joined to the 
region of the rubber member con-esponding to the gap 
at the second and subsequent turns of the core. 
[0012] In either case, it is preferred that the reinforc- 
ing element is pressure-joined to the outer circumferen- 50 
tial surface of the rubber member by a pressure roil 
which is adapted to roll over the reinforcing element 
from its one end to the other. Such a pressure roll 
ensures that the reinforcing member in its entirety can 
be pressure-joined to the outer circumferential surface 55 
of the rubber member smoothly, unifomily and suffi- 
ciently tightly. 

[0013] According to another aspect of the present 



invention, there is provided an apparatus for forming a 
tire reinforcing layer, comprising: a rigid core having an 
outer circumferential surface with a predetermined 
width, for supporting a rubber member thereon and 
adapted to be rotated about its center axis in normal 
and reverse directions; reinforcing element feed means 
for feeding a reinforcing elerrient obtained by cutting a 
continuous strip of reinforcing material into a predeter- 
mined-length, from a predetermined feed direction onto 
an outer surface of the rubber member on the core; 
pressure-joining means for urging the reinforcing ele- 
ment against the outer circumferential surface of the 
rubber member and thereby pressure-joining the rein- 
forcing element to the rubber member over the entire 
length of the reinforcing element; and lateral travel 
means for integrally displacing the feed means and the 
pressure-joining means in an axial direction of the core. 
[0014] With the apparatus according to the present 
invention, the reinforcing element is fed to the outer cir- 
cumferential surface of the rubber member by the rein- 
forcing element feed means while the core is rotated at 
a predetermined speed in normal direction about the 
horizontal enter axis of the core. Simultaneously the 
reinforcing element is progressively urged against the 
outer circumferential surface of the rubber member from 
its leading end to the trailing end, by the pressure-join- 
ing means which is preferably comprised of a pressure 
roll. Thus, the reinforcing element can be pressure- 
joined over its entire length to the rubber member suffi- 
ciently tightly, without any entrapment of air therebe- 
tween. 

[0015] Furthemiore, the reinforcing element feed 
means and the pressure-joining means can be dis- 
placed in the axial direction of the core at a required 
speed by the lateral travel means with a predetermined 
relation to the rotational speed of the core, so that the 
longitudinal direction of the reinforcing element on the 
outer circumferential surface of the rubber member can 
be set to the desired angle with reference to the equato- 
rial line of the core. This angle can be readily changed 
as required, by suitably selecting the rotational speed of 
the core and the feeding speed of the reinforcing ele- 
ment 

[0016] It is preferred that the apparatus according 
to the invention further comprises inclination means for 
inclining the reinforcing element feed means and the 
pressure-joining means within a plane that is perpendic- 
ular to the predetermined feed direction of the reinforc- 
ing element. Such inclination means serves to positively 
ensure that the feeding direction of the reinforcing ele- 
ment can be readily aligned with the direction in which it 
is to be pressure-joined to the rubber member. As a 
result, the processes from the feeding step to the pres- 
sure-joining step of the reinforcing element can be 
smoothly performed without being affected by external 
forces acting in the twisting, tensioning or compressing 
direction relative to the reinforcing element. It is there- 
fore possible to fully eliminate dislocation or deformation 
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of the reinforcing element after it ^as been pressure- 
joined to the outer circumferential surface of the rubber- 
member on the core. 

[0017] It is preferred that the apparatus according 
to the present invention further comprises auxiliary feed s 
means for assisting the reinforcing element feed means, 
in order to positively and smoothly feed the reinforcing 
element to the outer circumferential surface of the rub- 
ber member synchronously with the rotation of the core, 
and under the operation of this auxiliary feeding means. io 
[0018] It is also preferred that the apparatus 
according to the present invention further comprises 
drive means, e.g., a cylinder, for advancing and retract- 
ing the pressure-joining means relative to the outer cir- 
cumferential surface of the core. With such drive means, is 
the pressure-joining means can be advanced to urge 
the reinforcing element against the rubber member with 
a required force during the operatiort of the pressure- 
joining means, and the pressure-joiriing means can be 
retracted and separated from the oujer circumferential 20 
surface of the core when the pressurd>joining means is 
out of operation. 

[0019] It IS also preferred that the apparatus 
according to the present invention further comprises at 
least one of (i) cutter means for cutting a continuous 25 
strip of reinforcing material into the reinforcing elements 
having a predetermined length, (ii) drawer means for 
drawing out the continuous strip of the reinforcing mate- 
rial from a feed roll toward the cutter means, and (iii) 
connection means for eliminating a deformation ten- so 
dency, such as a curling tendency, of the continuous 
strip of the reinforcing material as it has been drawn out 
of the feed roll by the drawer means. 

BRIEF DESCRIPTION OF THE DRAWINGS 35 

[0020] The present invention will be further 
described with reference to a preferred embodiment 
shown In the accompanying drawings, in which: 

40 

FIG. 1 is a side view showing an embodiment of the 
apparatus according to the present invention; 
FIG. 2 is a plan view of major parts in the apparatus 
of FIG. 1; 

FIG. 3 is a partial side view showing the joining 45 
mechanism together wfth the core on which the 
reinforcing layer is formed; 

FIG. 4 is a plan view of the joining mechanism of 
FIG. 3; 

FIG. 5(a) and FIG. 5(b) are side view and plan view, so 
respectively, showing laterally traveling mechanism 
for the base plate; 

FIG. 6 is a front view of the inclining mechanism for 
the base plate; 

FIG. 7 is a schematic view showing the mode of ss 
joining a reinforcing element onto the outer surface 
of a rubber member on the core; 
FIG. 8(a) and FIG. 8(b) are schematic views show- 



ing the mode of forming a reinforcing belt layer; and 
FIG. 9 is an enlarged side view showing a group of 
correction rolls. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0021] Referring now to FIG. 1, there is shown an 
apparatus for forming a tire reinforcing layer according 
to one embodiment of the present invention. The appa- 
ratus includes a feed roll 1 on which a continuous strip 3 
of reinforcing material has been previously wound. The 
strip 3 has a width which is typically on the order of 5 to 
15 mm, and is comprised of a plurality of single cords or 
twisted cords which are coated by rubber. These cords 
extend either linearly or in a zigzag manner, in parallel 
with each other. A liner 10 is interposed between neigh- 
boring turns of the strip 3, for preventing adhesion of the 
neighboring turns with each other. 
[0022] The apparatus further includes a rigid core 2 
having an outer circumferential surface on which a tire 
reinforcing layer is formed. To this end, the continuous 
strip 3 of the reinforcing material is unwound and drawn 
from the feed roll 1 and cut into reinforcing elements 
having a predetera^ined length, which are then succes- 
sively joined over the entire outer surface of the rubber 
member on the core 2. The core 2 is in the form of a 
rigid support with a substantially toroidal shape, having 
a substantially flat or slightly crowned outer surface and 
a width that is detennined in accordance with the size of 
tires to be produced. 

[0023] It is assumed that the outer surface of the 
core 2 is covered by a rubber member which may be an 
inner liner of a tire when the reinforcing layer to be 
formed is a carcass ply. Altematively, the rubber mem- 
ber covering the core 2 may be a carcass ply when the 
reinforcing element to be fomied is a belt ply. 
[0024] A drawer mechanism 4 is aranged adjacent 
to the feed roll 1 , for drawing out the continuous strip 3 
of reinforcing material from the feed roll 1. A joining 
mechanism 5 is arranged adjacent to the core 2, for cut- 
ting the continuous strip 3 into reinforcing elements hav- 
ing a predetemnined length and successively joining the 
reinforcing elements onto the outer surface of the rub- 
ber member covering the core 2. Typically, the feed roll 
1, the core 2, the drawer mechanism 4 and the joining 
mechanism 5 are aligned with each other along a com- 
mon straight line. 

[0025] The drawer mechanism 4 includes a support 
frame 6 arranged in front of the roll 1 , and a plurality of 
pull rolls 7 which are supported on the frame 6. The pull 
rolls 7 are driven by a motor and serve to sandwich the 
strip 3 from the upper and lower sides thereof and to 
continuously feed the strip 3 toward the joining mecha- 
nism 5 while controlling the position of the strip 3 in its 
width direction. The continuous strip 3 fed by the drawer 
mechanism 4 fornis a festoon 8 before it is passed to 
the joining mechanism 5 which is supported on another 
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frame 9. In this instance, it is assumed that the liner 10 
between adjacent turns of the continuous strip 3 on the 
feed roll 1 is separated from the strip 3 as it is continu- 
ously drawn out, and is wound by a reel 1 1 which is 
driven by a motor. 

[0026] On the other hand, the continuous strip 3 fed 
to the joining mechanism 5 is successively fed to a con- 
stant-length feed mechanism 12 and a cutter 13. The 
constant-length feed mechanism 12 is operated inter- 
mittently to advance the strip 3 of the reinforcing mate- 
rial by a predetermined constant distance. The cutter 1 3 
is operated alternately with the constant-length feed 
mechanism 12 so as to cut the continuous strip 3 into 
reinforcing elements having a predetermined constant 
length, typically at a desired inclination angle relative to 
the width direction of the strip 3. In this instance, the 
intermittent feeding of the strip 3 due to the operation of 
the constant-length feed mechanism 12 can be suffi- 
ciently compensated for by reduction in length of the 
festoon 8. 

[0027] Further, after the reinforcing element with a 
predetermined length has been fomned by the cutter 13, 
the reinforcing element is fed onto the outer surface of 
the rubber member covering the core 2, by main feed 
rolls 14 and auxiliary feed rolls 15. In the illustrated 
embodiment, in order to ensure a smooth and positive 
joining of the reinforcing element to the outer surface of 
the rubber member on the core 2, there is arranged a 
guide member 16 on the downstream side of the auxil- 
iary feed rolls 15, for sandwiching the reinforcing ele- 
ment from both sides and resiliently deflecting the 
reinforcing element downwards. It is preferred that an 
apron guide is further arranged on the downstream side 
of the guide member 16, for controlling the position of 
the reinforcing element in its width direction and feeding 
the reinforcing element onto the outer surface of the 
rubber member in a tangential direction of the core 2. 
[0028] The apron guide has a tip end that Is pro- 
vided with a pressure roll 17 for urging the reinforcing 
element onto the outer surface of the rubber member on 
the core 2 The pressure roll 17 is adapted to be 
advanced and retracted by a cylinder device as desired, 
relative to the outer circumferential surface of the core 
2. 

[0029] A detailed arrangement of the joining mech- 
anism 5 on the support frame 9 is shown in FIG. 3 and 
FIG. 4 in an enlarged scale, together with the core 2. 
The constant-length feed mechanism 12, the main feed 
rolls 14 and the auxiliary feed rolls 15 are each conn- 
prised of upper and lower pinch rolls for sandwiching 
the strip 3 of reinforcing material or the reinforcing ele- 
ment from both sides. These pinch rolls are operated at 
predetermined timings by motors 18,19 and 20. respec- 
tively, for feeding the continuous strip 3 or the reinforc- 
ing element made therefrom, along a straight path as 
seen in the plan view of FIG. 4, while controlling the 
position in the width direction. 

[0030] The constant-length feed mechanism 12 is 



capable of intermittently and precisely feeding a prede- 
termined constant length of the continuous strip 3 by 
actuating the motor 1 8 for a predetemiined time period 
after detecting the leading end of the strip 3 by a sensor 

5 or feed counter which is comprised of a servo motor, not 
shown. In this instance, the main feed rolls 14 cooperate 
with the constant-length feed means 12 to advance the 
strip 3, and also with the auxiliary feed rolls 15 to feed 
the reinforcing element, which has been formed by the 

10 cutter 13, onto the outer surface of the rubber member 
on the core 2. The auxiliary feed rolls 15 assist the main 
feed rollers 1 4 to advance the continuous strip 3, partic- 
ularly when the reinforcing element to be formed is rela- 
tively long. 

15 [0031] The reinforcing element fed toward the core 
2 is tightly pressure-joined onto the outer surface of the 
rubber member on the core 2. To this end, the cylinder 
device 21 is actuated to advance the pressure roll 17 
synchronously with the rotational movement of the core 

20 2, such that the reinforcing element is urged against the 
outer surface of the rubber member by the pressure roll 
17 with a desired force. 

[0032] The cutter 13 an-anged between the con- 
stant-length feed mechanism 12 and the main feed rolls 

25 14 may be comprised of a bell crank having a pair of 
arms and an intemiediate portion therebetween, which 
is pivotally connected to a base plate 22. One arm of the 
bell crank 13 has a cutting edge 13a which is arranged 
with a predetermined inclination angle relative to the 

30 feed direction of the continuous strip 3 of the reinforcing 
material. The cutting edge 13a is adapted to precisely 
cut the continuous strip 3 after it has been advanced by 
a predetermined distance by means of the constant- 
length feed mechanism 12. To this end, the other arm of 

35 the bell crank 1 3 may be connected to a cylinder devk:e 
and thereby rotated about the pivot downwards to forci- 
bly drive the cutting edge 13a into the strip 3. 
[0033] A guide device 23 is provided on the 
upstream side of the constant-length feed mechanism 

40 12, for ensuring that the continuous strip 3 of the rein- 
forcing material on the downstream side of the festoon 
8 is property guided into the constant-length feed mech- 
anism 12, while mitigating or eliminating the curiing ten- 
dency of the strip 3, if any. The guide device 23 has 

45 predetermined clearances relative to the strip 3 in the 
thickness and width directions of the strip 3. These 
clearances serve to avoid occurrence of defomnation, 
such as bending and/or twisting in the festoon 8 upon 
lateral displacement and inclination of the base plate 22 

so and elements thereon to be described hereinafter, so as 
to normally ensure a smooth entry of the continuous 
strip 3 on the downstream side of the festoon 8 into the 
constant-length feed mechanism 12. 
[0034] In order to cause the above-mentioned lat- 

55 eral displacement of the base plate 22, i.e., the dis- 
placement of the base plate 22 in the axial direction of 
the core 2, there is provided a crosshead 26 on the sup- 
port frame 9. as shown in FIG. 5(a) and FIG. 5(b). The 
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crosshead 25 is adapted to be displaced within a hori- 
zontal plane, in a direction perpendicular to the center 
axis of the core 2 and also in the axial direction of the 
core 2. The crosshead 25 has an upper horizontal plate 

26 which is connected to the base plate 22. It is noted 
that the base plate 22 and the upper horizontal plate 26 
of the crosshead 25 are omitted from FIG. 5(b) for the 
sake of clarity. 

[0035] The crosshead 25 has a lower horizontal 
plate 27 which is adapted to be horizontally displaced 
together with the upper horizontal plate 26 In a direction 
perpendicular to the center axis of the core. To this end, 
a male screw member 28 connected to a handle 
extends in a direction perpendicular to the center axis of 
the core 2 and is rotatably carried on the support frame 
9 by a bearing. The male screw memlDer 28 is thread- 
edly engaged with a female screw member 29 attached 
at the lower surface of the lower horizontal plate 27. The 
lower horizontal plate 27 of the crosshead 25 is 
engaged with a pair of rails 30 provided on the support 
frame 9 to extend in the direction perpendicular to the 
center axis of the core. Thus, by operating the handle 
and thereby rotating the male screw member 28, it is 
possible to cause a horizontal displacement of the 
upper horizontal plate 26 and the lower horizontal plate 

27 of the crosshead 25 in the direction perpendicular to 
the center axis of the core 2. Another male screw mem- 
ber 32 extends in the axial direction of the core 2 and 
rotatably connected to a motor 31 which is mounted on 
the lower horizontal plate 27. The male screw member 

32 is threadedly engaged with a female screw member 

33 which is provided on the upper horizontal plate 26, 
The upper horizontal plate 26 is engaged with a pair of 
rails 34 provided on the lower horizontal plate 27 to 
extend in the axial direction of the core 2. Thus, by actu- 
ating the motor 31 and thereby rotating the male screw 
member 32, it is possible to cause a lateral and horizon- 
tal displacement of the upper horizontal plate 26 of the 
crosshead 25 in the axial direction of the core 2. 
[0036] In this way, the base plate 22 which is con- 
nected to the upper horizontal plate 26. as well as 
respective elements which are mounted on the base 
plate 22, can be displaced in a horizontal plane laterally 
with respect to the axial direction of the core 2. 
[0037] As further shown in FIG. 6, the base plate 22 
and the upper horizontal plate 26 are connected to each 
other in such a manner as to pemiit the above-men- 
tioned inclination of the base plate 22. More particularly, 
one side of the base plate 22. which is situated remote 
from the motors 18, 19, 20, is pivotally connected to the 
upper horizontal plate 26 via a braclcet 35, and another 
side of the base plate 22, which is opposite to the 
motors 18, 19. 20. is pivotally connected to the upper 
horizontal plate 26 via a cylinder device 36. The base 
plate 22, which is normally maintained at a horizontal 
posture parallel to the upper horizontal plate 26, can be 
brought into an inclined posture as shown in FIG. 6 by 
extending the piston rod of the cylinder device 36. along 



with all the elements on the base plate 22. In this 
instance, the inclination amount can be suitably 
adjusted by selecting the stroke of the cylinder device 
36. 

5 [0038] A similar adjustment of the inclination 
amount may be achieved by an appropriate screw 
means which is provided instead of the cylinder 36. 
[0039] The cutting of the continuous strip 3 of the 
reinforcing material is perfonned at the location of the 

10 joining mechanism 5 as constituted above, by advanc- 
ing the strip 3 by a predetermined distance toward the 
cutter 13 via the guide device 23 under an intermittent 
operation of the constant-length feed means 12, and 
subsequently operating cutter 13 and driving the cutter 

15 edge 13a into the continuous strip 3, as described 
above. The joining of the reinforcing element onto the 
outer surface of the rubber member on the core 2 is per- 
formed by feeding the reinforcing element from its lead- 
ing end toward the core 2 by means of the main feel rolls 

20 14 and the auxiliary feed rolls 15. In this instance, it is 
assumed that the angular position of the handle associ- 
ated with the male screw member 28 shown in FIGS. 
5(a) and 5(b) is adjusted in advance so that the base 
plate 22 and various elements thereon are situated suf- 

25 ficiently close to the core 2. The reinforcing element is 
deflected by the guide member 16 into a tangential 
direction of the core 2, while being simultaneously posi- 
tioned in its width direction the apron guide. After com- 
pletion of the indexing angular movement of the core 2, 

30 the pressure roll 1 7 is advanced by the cylinder device 
21 to thereby urge the leading end portion of the rein- 
forcing element onto the outer surface of the rubber 
member on the core 2 with a predetennined urging 
force. The core 2 is then nutated in a predetermined 

35 direction in order to successively urge the reinforcing 
element against the outer surface of the rubber member 
on the core 2 over its entire length, i.e., from the leading 
end up to the trailing end of the reinforcing element, to 
thereby pressure-join the entire reinforcing element to 

40 the outer surface of the rubber member on the core 2. 
[0040] The reinforcing element pressure-joined to 
the rubber member on the core 2 may be used to form a 
belt layer for reinforcing a tread portion of a tire. It is 
noted that the cords of a tire belt layer typically extend in 

45 a direction intersecting the tire equatorial line. Thus, 
when the reinforcing element is comprised of a plurality 
of single cords or twisted cords which extend in parallel 
with each other in the longitudinal direction of the rein- 
forcing element, for example, it is prefen-ed that the rein- 
so forcing element itself extends in a direction that forms a 
predetermined angle a relative to the equatorial line of 
the core 2. as shown in FIG. 7. 

[0041] In this instance, the region where each rein- 
forcing element 37 is urged against the outer surface of 
55 the rubber member 2a on the core 2 is gradually shifted 
in the width direction of the core 2, along with the rota- 
tion of the core 2 about its center axis and resultant 
apparent dislocation of the reinforcing element 37 itself 
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in the axial direction of the core 2 as shown in FIG. 7. To 
this end, the crosshead 25 shown In FIG. 5 is moved 
synchronously with the rotation of the core 2 in a prede- 
termined direction, so that the feed rolls 15 and the 
pressure roll 1 7 are laterally displaced together with the 5 
base plate 22 in the axial direction of the core 2. Here, 
the inclination angle a formed between the equatorial 
line of the core 2 and the reinforcing element 37 can be 
appropriately selected by adjusting the rotational speed 
of the core 2 and the lateral displacement speed of the 10 
crosshead 25 relative to each other. 
[0042] For pressure-joining the reinforcing element 
37 to the outer surface of the rubber rhember 2a on the 
core 2 in the manner described above, it is prefen-ed 
that the cylinder device 36 connecting the base plate 22 is 
to the upper horizontal plate 26 is extended as shown in 
FIG. 6 so that the base plate 22 is inclined about its 
pivot point at the bracket 35 to a predetermined height 
position. That is to say, the base plate 22 whfch has 
been inclined to the predetemnined height position is sit- 20 
uated within a plane that is perpendicular to the desired 
direction in which the reinforcing element 37 is to extend 
with reference to the rubber member 2a on the core 2. 
In other words, that region of the reinforcing element 37. 
which is being joined to the rubber member 2a. can be 25 
readily and positively aligned with the desired direction 
in which the reinforcing element 37 is to extend with ref- 
erence to the rubber member 2a. Thus, even when the 
reinforcing element 37 is joined to the rubber member 
2a with a predetemnined inclination angle a as shown in 30 
FIG. 7, it is possible to positively and sufficiently prevent 
undesi red twisting orthe like deformation of the reinforc- 
ing element 37 and thereby ensure a smooth and pre- 
cise joining of the reinforcing element 37 to the rubber 
member 2a on the core 2. ^ 
[0043] After one sheet of the reinforcing element 37 
has been joined to the rubber member 2a at a predeter- 
mined position on Its outer surface, and the core 2 is 
then subjected to an indexing rotation, a succeeding 
sheet of the reinforcing element 37 is joined to the rub- 4o 
ber member 2a essentially in the same way, with the 
side edge of the succeeding reinforcing element 37 
tightly joined to the corresponding side edge of the pre- 
ceding reinforcing element 37 over the entire length, as 
shown in FIG. 8(a). By successively repeating these 45 
process steps with respect to the entire outer surface of 
the rubber member 2a, it is posstole to form a complete 
reinforcing layer on the core 2. 

[0044] The indexing operation of the core 2 upon 
formation of the reinforcing layer in the manner so 
described above can be performed by combining a nor- 
mal rotation of the core 2 for joining the reinforcing ele- 
ment 37 to the rubber member 2 as indicated by arrow 
"a" in FIG. 8(a), with a subsequent reverse rotation of 
the core 2 so that it is returned to the starting position for ss 
joining the succeeding reinforcing element 37 to the 
rubber member 2a as indicated by an-ow "b" in FIG. 
8(a). 



[0045] The indexing operation of the core 2 may be 
used as a nomial rotation of the core 2 for joining the 
reinforcing element 37 to the rubber member 2a. In this 
instance, the pressure joining of the reinforcing ele- 
ments 37 to the outer surface of the rubber member 2a 
can be perfomned by a first turn of rotation of the core 2, 
so that a gap is left between the adjacent sheets of the 
reinforcing elements 37, as shown in FIG. 8(b). The gap 
has a size corresponding to the width of at least one 
sheet of the reinforcing element 37. Succeeding sheets 
of the reinforcing elements 37 are then pressure-joined 
to the outer surface of the rubber member 2a by second 
and subsequent turns of rotation of the core 2, at 
regions corresponding to the gaps between the adja- 
cent sheets of the preceding reinforcing elements 37, to 
thereby form a complete reinforcing layer on the core 2. 
[0046] In any case, the movable elements such as 
auxiliary feed rolls 15 and pressure roll 17 are laterally 
moved in the width direction of the core 2, from its one 
side to the other, in order to perform pressure-joining of 
the reinforcing elements 37 to the rubber member 2a on 
the core 2. It is noted that, after one sequence of the 
pressure-joining process has been completed, the mov- 
able elements must be returned to their initial positions 
t>y the operation of the crosshead 25 so that a subse- 
quent pressure-joining process can be started. 
[0047] It is preferred that the drawer mechanism 4 
is provided with a group of correction rolls 38 on the 
support frame 6 on the upstream side of the pull rolls 7. 
As particularly shown in FIG. 9 in enlarged scale, the 
correction rolls 38 may be comprised of a plurality of 
upper rolls 38a and lower rolls 38b which are arranged 
in a staggered manner, i.e.. alternately on the upper and 
lower sides. Thus, before the continuous strip 3 of the 
reinforcing material as drawn out from the feed roll 1 
reaches the pull rolls 7, the strip 3 is passed alternately 
along the lower surface sides of the upper rolls 38a and 
the upper surface sides of the lower rolls 38b, to thereby 
effectively eliminate a bending deformation, such as a 
curiing tendency, in the thickness direction of the contin- 
uous strip 3 of the reinforcing material. 
[0048] The upper rolls 38a and the lower rolls 38b 
of the correction rolls 38 may be mutually and alter- 
nately offset in the respective axial directions such that 
the continuous strip 3 of the reinforcing material has 
meandering paths defined by the flanges of the rolls 
38a, 38b as seen in the plan view of the correction rolls 
38. Such an arrangement is particulariy advantageous 
for the continuous strip 3 of the reinforcing material hav- 
ing undesirable bending deformation of the continuous 
strip 3 in its width direction, since the passage of the 
strip 3 along the meandering paths serves to substan- 
tially eliminate the defomnation. 

[0049] It is also preferred that, as shown in FIG. 1 , a 
sensor 39 is provided between the drawer mechanism 4 
and the pressure-joining mechanism 5, for detecting the 
slack amount of the festoon 8 In the continuous strip 3 
of the reinforcing material. The sensor 39 includes a 
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swing arm 39a having an intermediate portion which is 
pivotally connected to the support frame 6. A rod 39b 
engageable with the bottom portion of the festoon 8 is 
provided at one end of the swing arm 39a, and a corre- 
sponding counterweight 39c is provided at the other end 5 
of the swing arm 39a. A permanent magnet is provided 
on the swing arm 39a and adapted to be electromagnet- 
ically engaged selectively with upper and lower limit 
switches 39d. 

[0050] The sensor 39 is connected to a controller 10 
(not shown) so as to effectively stabilize the slack 
amount of the festoon 8. Thus, when the lower limit 
switch 39d is actuated by the permanent magnet on the 
swing arm 39a due to an increased slack amount of the 
festoon 8, a further increase of the slack amount is pre- is 
vented by reducing the rotational speed of the pull rolls 
7. On the contrary, when the upper limit switch 39d is 
actuated by the permanent magnet on the swing arm 
39a due to a decreased slack amount of the festoon 8, 
a further decrease of the slack amount is prevented by 20 
increasing the rotational speed of the pull rolls 7. 
[0051] It will be appreciated from the foregoing 
description that, according to the present invention, a 
tire reinforcing layer can be fomried on a rigid core with 
markedly improved work efficiency and productivity, 25 
since reinforcing elements comprised of a plurality of 
cords are prepared and used as a unit to be succes- 
sively pressure-joined to the outer surface of a rubber 
member on the core. The reinforcing element can be 
pressure-joined to the rubber member sufficiently 30 
tightly, without the risk of entrapment of air between the 
outer surface of the mbber member and the reinforcing 
element, since the reinforcing element is urged against 
the rubber member from its one end by the pressure- 
joining means. Furthermore, the pressure-joining of the 35 
reinforcing element can be perfomned highly efficiently 
even in the case of a long reinforcing element, since the 
reinforcing element is joined to the rubber member 
based on a rotational movement of the core itself at a 
predetermined speed. 

Claims 

1. A method for forming a tire reinforcing layer, 
wherein a continuous strip of a reinforcing material 4S 
comprised of a plurality of single cords or twisted 
cords is cut into reinforcing elements having a pre- 
determined length, and the reinforcing elements 
are each joined to an entire outer circumferential 
surface of a rubber member supported by a rigid so 
core which is being subjected to an angular index- 
ing motion about its center axis, said method com- 
prising the steps of: 

successively feeding the reinforcing elements ss 
onto the outer circumferential surface of the 
core from one side thereof, synchronously with 
the indexing motion of the core; and 



urging the respective reinforcing elements 
against the outer circumferential surface of the 
rubber member along their longitudinal direc- 
tion and thereby progressively pressure-joining 
the reinforcing elements to the rubber member. 

2. The method according to Claim 1 . wherein the rein- 
forcing elements are gradually displaced in an axial 
direction of the core so that the reinforcing ele- 
ments are pressure-joined onto the outer circumfer- 
ential surface of the rubber member at locations of 
the core which are gradually shifted in a width direc- 
tion of said core. 

3. The method according to Claim 1 . wherein the rein- 
forcing elements are an^nged adjacent to each 
other so that opposite side edges of the neighbor- 
ing reinforcing elements are successively joined to 
each other on the outer circumferential surface of 
the rubber member. 

4. The method according to Claim 1, wherein the 
indexing motion of the core is perfonmed by a nor- 
mal angular motion of the core for joining the rein- 
forcing element onto the outer circumferential 

• surface of the rubber member, and a reverse angu- 
lar motion of the core back to a predetermined posi- 
tion where a next reinforcing element is to be joined 
onto the outer circumferential surface of the rubber 
member. 

5. The method according to Claim 1, wherein said 
indexing motion of the core is performed by a nor- 
mal angular motion of the core for joining the rein- 
forcing element onto the outer circumferential 
surface of the rubber member, such that the rein- 
forcing elements during a first turn of the core are 
pressure-joined to the outer circumferential surface 
of the rubber member while leaving a gap between 
the respective reinforcing elements, said gap hav- 
ing a aze which corresponds to at least one sheet 
of the reinforcing element, and the reinforcing ele- 
ments during the second and subsequent turns are 
pressure-joined to a region at the outer circumfer- 
ential surface of the rubber member corresponding 
to said gap so as to form a tire reinforcing layer. 

6. The method according to Claim 1 , wherein the rein- 
forcing elements are pressure-joined onto the outer 
circumferential surface of the rubber member, by a 
pressure roll adapted to roll over the relnfordng ele- 
ment from its one end to the other. 

7. An apparatus for forming a tire reinforcing layer, 
comprising: 

a rigid core having an outer circumferential sur- 
face with a predetemnined width, for supporting 
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a rubber member thereon and adapted to be 
rotated about its center axis in normal and 

reverse directions; 

reinforcing element feed means for feeding a 
reinforcing element obtained by cutting a con- s 
tinuous strip of reinforcing material into a pre- 
detennined-length, from a predetermined feed 
direction onto an outer surface of the rubber 
member on the core; 

pressure-joining means for urging the reinforc- io 
ing element against the outer circumferential 
surface of the rubber member and thereby 
pressure-joining the reinforcing element to the 
rubber member over the entire length of the 
reinforcing element; and is 
lateral travel means for integrally displacing the 
feed means and the pressure-joining means in 
an axial direction of the core. 

8. The apparatus according to Claim 7, further com- 20 
prising inclination means for inclining the reinforcing 
element feed means and the pressure-joining 
means within a plane that is perpendicular to said 
predetermined feed direction of the reinforcing ele- 
ment. 

9. The apparatus according to Claim 7, further com- 
prising auxiliary feed means for assisting the rein- 
forcing element feed means to feed the reinforcing 
element onto the outer circumferential surface of so 
the rulDber member synchronously with the rotation 

of the core. 

10. The apparatus according to Claim 7, further com- 
prising drive means for advancing and retracting 35 
the pressure-joining means relative to the outer cir- 
cumferential surface of the core. 

11. The apparatus according to Claim 7, further com- 
prising cutter means for cutting a continuous strip of 40 
reinforcing material into reinforcing elements hav- 
ing a predetermined-iength. 

12. The apparatus according to Claim 1 1 , further com- 
prising drawer means for drawing out the continu- 4S 
ous strip of the reinforcing material from a feed roll 
toward the cutter means. 

13. The apparatus according to Claim 1 2, further com- 
prising correction means for eliminating a defonna- so 
tion tendency of the continuous strip of the 
reinforcing material as it has been drawn out of the 
feed roll by the drawer means. 
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